Geneticists are nearly unanimous in their belief that the vast majority of mutations are deleterious. This belief rests primarily upon the effect of mutations in the homozygous condition. The standard with which these homozygous individuals are compared is generally provided by individuals heterozygous for the mutations under investigation; the relatively excellent viability of these latter individuals is ascribed to the dominance of normal, "wild-type" alleles.
Geneticists are nearly unanimous in their belief that the vast majority of mutations are deleterious. This belief rests primarily upon the effect of mutations in the homozygous condition. The standard with which these homozygous individuals are compared is generally provided by individuals heterozygous for the mutations under investigation; the relatively excellent viability of these latter individuals is ascribed to the dominance of normal, "wild-type" alleles.
There exists in the literature a sizable record of well-documented instances of heterozygotes being superior in viability or fitness to both homozygotes; many of these are the cases of balanced polymorphism observed in natural populations. Some observations suggest that heterosis can be produced in individual instances by mutations with a marked deleterious effect when homozygous as well as an average deleterious effect in the heterozygous condition. Thus, Wallace and King," 2 Cordeiro,3, 4 and Dobzhansky et al. 5 have studied the relative viabilities of individuals homozygous and heterozygous for chromosomes, including lethal chromosomes, from experimental and natural populations and have found ample evidence for the occurrence of heterotic chromosomal combinations. Stern et al.,6 in reporting on the average decrease in viability of Drosophila females heterozygous for sexlinked lethals, call attention to two lethals among the seventy-seven tested which appear heterotic; an analysis of these data by a technique reported by Wallace and Madden7 suggests that the proportion of heterotic lethals among those tested may even exceed 20 per cent. Morton, Crow, and Muller8 refer to another study of the viability of individuals heterozygous for "recessive" lethals. They point out that the variance between viabilities of individuals heterozygous for different lethals in this study is not significantly greater than that between replicate tests of the same lethal; the observed variances (F-ratio of 1.76) differ by an amount, however, which indicates that these data, also, are not inconsistent with the occurrence of a sizable proportion of heterotic lethals.
Convincing evidence for heterosis must of necessity rest on well-documented instances in which the heterozygote differs widely from the two homozygotes, and, as long as our attention is concentrated solely upon cases of this sort, heterosis will be considered a rare, and in some respects unimportant, phenomenon in the genetics of populations. It would be a heroic task, if not a physical impossibility, to proceed experimentally, locus by locus, obtaining data on the occurrence of heterotic mutations. For one thing, the estimated number of loci is prohibitively large; second, it is possible that only a small proportion of gene changes at any one locus can be recognized as such. The experiments described below, using D. melanogaster, endeavor to avoid this difficulty. Techniques are known by which the viability of individuals homozygous for a given chromosome can be determined. The question asked by this study can be stated in the following way: What is the average effect of a random array of new mutations on the viability of such homozygotes when each mutation (1) is present in the heterozygous condition, and (2) represents the only change in the original homozygous genotype? A full account of these experiments will be published elsewhere; the present report outlines the experimental technique and summarizes the results obtained until now.
From the routine tests of our experimental population No. 18 (see Wallace9), four chromosomes were obtained, each of which, when homozygous, gave viable and fertile adults. These chromosomes were introduced singly into the genetic background of a CyL/Pm stock (Cy, L, and Pm are the dominant genes Curly wing, Lobe eye, and Plum eye; the CyL chromosome also has inversions that suppress crossing over) by repeated (eleven or more) backerosses of single CyL/+ males with CyL/Pm females of the stock culture. An experiment involving one of these chromosomes was initiated by crossing CyL/+ brothers and sisters of one of these backeross cultures and by collecting the +/+ male offspring of this mating. These males were divided into two groups, one of which was exposed to approximately 500 r X-radiation. (Irradiated chromosomes will be indicated by E.) The irradiated males were mated singly to CyL/Pm virgin females, single Pm/@ sons were remated to CyL/Pm females, and three Pm/ (D males were obtained from each of these F2 cultures. Simultaneously, the nonirradiated +/+ males were mated with CyL/Pm females, single Pm/+ sons were remated with CyL/Pm females, and three Pm/+ males and eight CyL/+ virgin females were obtained from each F2 culture. Four of the CyL/+ females from each culture were mated with the three Pm/ ( males from the irradiated series which happened to carry the same identifying number. The other four CyL/+ females of each nonirradiated culture were mated with the three Pm/+ males of a different culture of the nonirradiated series. Avoiding brother-sister matings in these latter crosses insured that the relationship between the parents in the two series of matings was the same.
The expected results of the matings described above are as follows: Control 1 CyL/Pm : 1 CyL/+: Pm/+: 1 +7+ X-ray 1 CyL/Pm :1 CyL/l :1 Pm/+ :1 +/@ With the exception of the changes induced by the irradiation of one chromosome in the X-ray series, the two series are identical. Each culture of the X-ray series contains a different irradiated chromosone, so that the series may be considered as a test of an array of typical, recoverable induced mutations. (Dominant lethals and other drastic dominant or semidominant effects will have been eliminated or reduced in frequency; hence, the mutations available for testing will be referred to subsequently as a "random" array.) The CyL/Pm flies have, by virtue of the repeated backerosses preceding the start of the experiment, a background genotype typical of the CyL/Pm stock present in this laboratory. The Pm/+ flies in the two series do not differ; in neither the X-ray nor the control series is the non-Plum chromosome of these flies an irradiated chromosome.
The experimental data consist of the counts, and of the calculated ratios of CyL/ + The observed ratios of Pm/+ flies, as expected, do not differ significantly. Both the CyLJ/ and +7/ flies of the irradiated series have significantly higher ratios than their counterparts of the control series. Distortions of Mendelian ratios in crowded cultures are generally the result of differential viabilities of the different classes of developing individuals. Indeed, this seems to be the case in the experiments reported here. Tests for factors other than differential viability which might be expected to give the observed results have proved negative. These tests have included a search for abnormal gametic ratios (Pm/+ as compared to Pm/ fD males), an interaction of irradiated third or fourth chromosomes with CyL/Pm flies of the irradiated series (an interaction, however, which should have affected the ratio of Pm/+ flies in this series as well), a difference in the mean culture size in the two series, a correlation between observed ratios and culture size for individual cultures, and systematic errors in classification (including those caused by nondisjunction). The details of these tests will not be given here; suffice it to say that they have yielded no alternative to the interpretation that differential viability during the larval stage has produced the observed distortions in the expected Mendelian ratios and the concomitant increase in the proportion of individuals (CyL/ D and +7/ ) heterozygous for irradiated chromosomes.
These results are unexpected; they go beyond, for instance, the argument presented by Fisher' that small genetic changes should have at best, equal probabilities of being advantageous or disadvantageous. If our interpretation of these data is correct, they imply that the alleles found on typical chromosomes taken from a large interbreeding population (more precisely, our experimental Drosophila population No. 18) are of such a nature that, when they are made homozygous, heterozygosity for a "random" mutation is more likely to improve the viability of the otherwise homozygous individual. If one thinks in terms of proportions of loci rather then of the total probability of heterotic or nonheterotic changes at all loci? the results suggest that a majority of loci on these chromosomes are occupied by "deleterious" alleles. The only reasonable explanation for such a preponderance of "deleterious" alleles is that they owe their existence to selection within the population on the basis of their action in heterozygous individuals.
Needless to say, these experiments are being continued. In the meantime it is important to make explicit some of the implications of these results. They indicate that one must be prepared to qualify the assertion that a "vast majority" of mutations are harmful; this statement is-undoubtedly true for the effect of mutations in the homozygous condition. The results reported here do not indicate that the average mutation will improve the viability of a typical individual of a population. These individuals, according to the argument presented above, are already heterozygous for chromosomes containing selected alleles; it is difficult, then, to imagine that "random" changes will improve this nonrandom array of allelic differences. This argument applies, in fact, to highly selected, inbred lines; individuals of these lines also carry a selected constellation of genes and, although they may exhibit heterosis in crosses with other similar lines, they need not show an average heterosis when confronted with a series of random gene changes. Finally, knowing that "recessive" lethals have a slight (5 per cent 1 ) average deleterious effect when heterozygous, one must conclude not only that mutations with smaller viability effects have proportionately smaller average effects when heterozygous but that at some point the sign of this average effect must change; that is, the average heterotic effect observed must reside primarily with those mutations whose effect when homozygous is small. It remains to be seen whether this change in sign is the result of an increased probability of the occurrence of heterotic mutations among these small changes or of a more-marked heterotic effect of a small number of these individual changes.
Summary.-The relative viability of two groups of flies (D. melanogaster) have been studied by a genetic technique. The control group was homozygous for a second chromosome (four such chromosomes were tested) obtained from a large experimental population. The second group was comparable in all respects, except that one of the pair of second chromosomes had been exposed to 500 r X-radiation; that is, this group was heterozygous for one or another of a wide variety of newly induced mutations. The results presented in this preliminary report indicate that this new, virtually unselected heterozygosity had an average heterotic effect. The implications of these results are discussed.
